Abstract: A six-by-six complete F1 Gossypium hirsutum, L. diallel cross of three pre-screened drought tolerant and three drought susceptible varieties (CRIS-134, CRIS-342, SINDH-1, NIAB-78, SADORI and BH-160) was evaluated for genetic parameters during 2009 at Sindh Agriculture University farm, Tandojam. The characters studied were number of bolls per plant, sympodial branches per plant, seedcotton yield per plant and lintcotton yield per plant. The objective of such study was to assess the effect of irrigation stress on the genetic inheritance pattern of above quantitative traits as to how far the genetic parameters are affected due to irrigation stress in the F1 diallel generation. Irrigation treatments were four; normal seven irrigations schedule, five irrigations, four irrigations (medium stress) and three irrigations up to 150 days of crop maturity (stress conditions). CRIS-134 in seven, Sadori in five and CRIS-342 in four and three irrigations treatments were the most recessive parents contributing increasing boll number into their progenies while BH-160 in seven, CRIS-342 in five and Sindh-1 in four and three irrigations treatments proved to be the most dominant parents responsible for contributing decreased boll number per plant into their progenies. Seedcotton per plant was partial dominant in seven irrigations treatment while it inherited as an overdominant trait in five, four and three irrigations respectively. BH-160 was the most recessive of all with increased sympodia contributing attributes in seven and four irrigations whereas Niab-78 in five and CRIS-342 in stress were the most recessive parents. Sindh-1 was the most dominant parent in seven, five and three irrigation treatments while CRIS-342 in four irrigations yielded decreased sympodia contributing attributes into their progenies. Sindh-1 in seven, BH-160 in five and three and CRIS-342 in four irrigations treatments proved to be the most recessive parents with increasing seedcotton yield attributes while CRIS-342 in seven and five and Sindh-1 in four and three irrigations were the most dominant parents contributing decreased seedcotton yield into their progenies. Inheritance trend of lintcotton per plant was similar to that of seedcotton yield per plant.
INTRODUCTION
Economically, quite a number of species experience variable soil-water contents depending on irrigation, rainfall, leaf area, transpiration, and evaporation index. Thus, during their life cycle, all crops experience drought of various intensities at one time or the other, causing yield reduction. Drought induces a wide range of plant responses, including stomatal closure, changes in gene expression, accumulation of abscisic acid (ABA), production of osmotically active compounds and the synthesis of protective proteins that scavenge oxygen radicals or act as molecular chaperones [1] . According to Quisenberry [2] , drought resistance is the ability of a genotype within a species, to be relatively more productive than others under moisture deficit. Levitt [3] divided drought resistance into drought avoidance and drought tolerance. Short duration growth constitutes an important attribute of drought escape with respect to relative yield advantage of early genotypes under prevailing/available water conditions *Address correspondence to this author at the Department of Plant Breeding and Genetics, Sindh Agriculture University, Tandojam, Pakistan; Tel: +92 300 3040397; E-mail: munaizabaloch@yahoo.com [4] . Dehydration avoidance is also synonymously used for drought tolerance enabling higher 'hydration' level under soil or atmospheric water stress. The basic concept of dehydration avoidance is in fact retaining a high level of tissue 'hydration' inspite of stress environment. In that case, plant's various physiological, biological and metabolic processes, involved in growth and yield, are not internally expressed to stress, or are protected from stress.
Crop improvement for drought tolerance through integration of adaptive traits is a promising option. Significant progress in recent years has led to the identification of several traits that have relevance in improving drought tolerance as well as development of suitable high throughout phenotyping strategies. For a comprehensive improvement in drought tolerance, several traits need to be introgressed into a single elite genetic background. The emphasis here is to identify relevant traits and adopt conventional and /or molecular approaches to introgress them into an elite background with higher yield potential. Plant breeders and plant physiologists are of the opinion that genotypes well adapted and higher yielding in drought areas can be bred and managed more effectively and efficiently, if their attributes that confer drought resistance, could properly be identified and used as selection criteria in objectively defined breeding programs [5] [6] [7] [8] . Numerous studies have consensus that physiological and metabolic changes in plants are caused by water stress [9] [10] . Important of these changes are suppression of photosynthesis and deregulated accumulation of growth hormones consequently affecting final crop yield [9] . Thus varietal selection plays an important role in water use efficiency for higher cotton production. Improved production package technologies and scheduling methodology have promoted productivity and water use efficiency. The genetic yield potential of today's cotton plant in our country is at least 5 to 10 times the average yields that we attain each year. The primary cause of potential yield reductions is unfavorable environment, haphazard and irregular application of package of production technology and ill-management of irrigation resources.
The diallel cross among selected parents can provide information on the genetic variances in a population derived by random mating of these parents. Since last three decades, the diallel cross analysis has received considerable rapidity in most of the plant breeding programs because it fulfills specific needs of the plant breeders. The analysis provides a systemic approach for detecting parents and crosses superior for the traits under investigation. In addition, it helps plant breeders to choose most efficient method of selection on the basis of estimates of various genetic parameters. Therefore, systematic and successful hybridization program for yield improvement demands an understanding of the genetic architecture of yield and yield components to be bred [11] and requires information on, (a) inheritance of yield and its morphophysiological components, (b) the nature of relationship between yield and these components and (c) the efficacy of such genetic inheritance patterns in the selection process. The purpose of the present research endeavors was, firstly, to identify the available cotton germplasm for drought tolerance in different irrigation regimes as against normal/recommended irrigation dose; and secondly, to obtain information regarding the extent of variation of genetic parameters of these identified drought tolerant and susceptible varieties. In addition, the present investigations were extended to identify the hybrids and parents possessing superior dominant gene combinations for drought tolerance for further utilization by cotton breeders while embarking upon any defined cotton breeding strategy.
MATERIALS AND METHODS
Six pre-screened cotton (Gossypium hirsutum, L.) varieties for drought resistance [12] ; CRIS-134, CRIS-342, Sindh-1 as drought tolerant and NIAB-78, SADORI and BH-160 as drought susceptible were intercrossed and complete F 1 diallel coss created. All 36 entries (15 one-way crosses + 15 reciprocals + 6 parents) were sown as F 1 diallel cross during 2009 in four-replicated Randomized Complete Block Design. All other cultural and agronomic practices were performed as per the need of the crop and experimental design. Three seeds were dibbled per hill spaced at one foot and the rows were distanced at 2.5 feet apart. Later, one healthy plant was left per dibble. Three rows, each 15 feet long, were provided to each entry, per irrigation treatment per replication. Irrigation treatments were four, that is three irrigations (i.e., 55, 95 and 125 days after planting); four irrigations (i.e., 50, 70, 90 and 110 days after planting); five irrigations (i.e., 40, 60, 80,100 and 120 days after planting) and seven irrigations (normal or control) at 35, 50, 65, 80, 95, 110 and 125 days after planting. At maturity, ten consecutive plants were randomly selected, per entry per replication per irrigation treatment, and treated as index plants for recording observations on number of bolls per plant, number of sympodia per plant, seedcotton yield per plant and lintcotton yield per plant. Quantitative genetic analysis of this diallel experiment followed the procedures of Hayman, Jinks and Aksel and Johnson [11, [13] [14] . Before conducting the diallel analysis, the pre-requisite conditions of meeting five assumptions of diallel cross must be satisfied [11] . Here we would explain how our experimental material of 6x6 Gossypium hirsutum complete F 1 diallel cross of selected drought susceptible and tolerant varieties satisfied these assumptions.
The condition of "homozygous parents" in the present studies was satisfied by selfing individual parental lines before they were used in hybridization program [12] . The condition of normal diploid segregation, in the present case, may be met by explaining that though cotton is an amphidiploid (allotetraploid) of A and D genomes [15] , it has established itself as genetically stable over the years and behaves as normal diploid in subsequent generations [16] . The progenitor A and D genomes, though differ enough in the resulting allotetraploid (2n=4x), yet they facilitate appropriate pairing of each set of chromosomes at meiosis as in normal diploid species [17] . Thus it has been made clear that many genes in Gossypium are inherited in functionally diploid manner. According to Kearsey and Pooni [18] quantitative genetic analysis in such organisms can be performed using standard methods considering normally segregating diploids. "No reciprocal differences" were checked after Hayman's [19] procedure of analysis of variance of diallel tables, where significance of the component 'c' indicates failure of this hypothesis. The remaining three assumptions of 'no multiple allelism', 'independent action of non-allelic genes' and 'uncorrelated gene distribution' were checked by analysis of variance of Wr -Vr values for arrays of each diallel table. Heterogeneity of Wr -Vr variances will reveal non validity of these assumptions. In the present case, the 't' value for Wr-Vr mean squares (Tables 2 to 5) were non-significant for all the characters and therefore the assumptions are satisfied. 
RESULTS AND DISCUSSION
The assumption of 'no reciprocal differences' as satisfied through analysis of variance of diallel table [19] is shown in Table 1 . In this analysis of variance, component 'a' tests the significance of additive gene effects and 'b' the dominance gene effects, while 'b 1 ' explains the mean deviation of hybrids from their midparent values. The dominance deviations if predominantly in one direction will result in significant 'b 1 ' in the analysis of variance. Component 'b 2 ' indicates the extent to which the mean dominance of deviations, within a given array of diallel table, differs from those of other arrays. Therefore significance of 'b 2 ' in the analysis of variance will imply that some of the parents contain excess of dominant alleles controlling the particular character. Component 'b 3 ' tests the portion of dominance deviations attributable to individual particular hybrid. The differences between reciprocal crosses are assessed by the significance of component 'c' and the maternal effects are reflected by component 'd'. In the present case, additive gene effects components in normal seven irrigations treatment was significant for all the characters implying the importance of additive gene effects and general combining ability of the parents. Component 'b' was also significant for all the four characters indicating that the dominance gene effects were important explaining additive x nonadditive and nonadditive x nonadditive gene effects interaction for these characters. Partitioning 'b' component of variation into 'b 1 ', 'b 2 ' and 'b 3 ' components, dominance effects get also partitioned into direction of dominance, dominance deviations attributed to the parental arrays and dominance deviations ascribable to the individual hybrids. Accordingly, 'b 1 ' was highly significant (P<0.01) for all the four characters implying that the dominance was unidirectional. Component b 1 was nonsignificant for number of bolls per plant and sympodia per plant only in five irrigations treatment signifying that the selection for these characters would not yield fruitful results. Component 'b 2 ' was highly significant (P<0.01) indicating that these dominance deviations are attributed to parental arrays and 'b 3 ' was highly significant (P<0.01) also implying that the dominance was caused by the hybrid combinations in other words due to divergent heterozygosity of the hybrids. Component 'c' was non-significant in seven and four irrigations treatments but highly significant in other treatments. Due to significant component 'c', the assumption of 'no differences between the reciprocal crosses' gets non-validated in the diallel analysis. This non-validity is removed by plugging in the common mean of a cross and its reciprocal in the off-diagonal cells of the diallel matrix. Component 'd' was highly significant for bolls per plant, seedcotton yield per plant and lintcotton yield per plant. These maternal effects not ascribed to component 'c' would not be considered in the diallel analysis especially when the common mean of the cross and its reciprocal has been plugged in the diallel matrix. These diallel tables were constructed by putting the common mean of a hybrid and it's reciprocal irrespective of the fact that whether the reciprocal differences were significant or not (Tables 2 to 5) and then analysis carried out. These tables have been supplemented by variances and covariances and other second degree statistics parameters from which the genetic components of variation were calculated. These components of genetic variation are also given in these diallel tables individually for each character. From these components of genetic variation, genetic parameters were calculated which provided the basis for interpreting the genetic retrospect and inheritance pattern of a particular character and thus interpreted accordingly. Genetic parameters are also given in these diallel tables.
Inheritance of Bolls Per Plant
Number of bolls per plant under normal seven irrigation treatment ( 
FOUR IRRIGATIONS THREE IRRIGATIONS
Note: *Significant at 5% probability level. **Significant at 1% probability level. ns = non-significant.
÷H 2 ] was 0.20 implying that at least one group of genes is operative in governing/conditioning the inheritance pattern of number of bolls/plant. The broad sense heritability was 99.9% and the narrow sense heritability was 57.3% indicating that number of bolls/plant is highly heritable and further significant amount of improvement up to the tune of 57% could be realized if progenies are selected under defined high selection pressure following pedigree progeny selection procedure. ÷H 2 ] was equal to 0.032 indicating that at least one group of genes was responsible/operative in governing/conditioning the inheritance pattern of boll number in this irrigation treatment. The broad sense heritability was 99.6% and narrow sense heritability was 97% indicating that boll number in five irrigations treatment is also highly heritable and quite responsive under intensive selection pressure to yield significant improvement through pedigree selection pressure.
Under four irrigations treatment, boll number was also inherited as an overdominant trait as the average degree of dominance [H 1 ÷D] was equal to 1.207 ÷H 2 ] measuring number of group of genes that controlled dominance at the parents' loci was equal to 2.03 indicating that at least two groups of genes are operative and govern the inheritance pattern of boll number. The broad sense heritability was 99.4% and the narrow sense heritability was 71.6% depicting that boll number in this irrigation treatment is also highly heritable and significant amount of improvement could be realized if progeny rows are screened under defined selection pressure. ÷H 2 ] was 1.832 implying that at least two groups of genes are governing the inheritance pattern of bolls/plant in this stress irrigation treatment. The broad sense heritability was 99.8% and the narrow sense heritability was 67% showing that bolls/plant is highly heritable character and quite a substantial improvement could be realized while selecting the desired progenies from single progeny rows under high selection pressure from this stress irrigation treatment.
Inheritance of Sympodial Branches
In seven irrigations treatment, [H 1 ÷D] was 0.941 depicting nearly complete dominance inheritance pattern of sympodial branches per plant ( ÷H 2 ] was 0.103 implied that at least one group of genes controls the dominance at parents' loci and governs the inheritance pattern of sympodial branches in this treatment. The broad sense heritability was 98.9% and the narrow sense heritability was 84.2% suggesting that the character is highly heritable and significant improvement, up to the tune of 84%, can be brought about if desired combinations are selected under defined intensive selection pressure from progeny rows. =0.155 meaning that at least one group of genes is controlling/governing the inheritance pattern of sympodial branches in this treatment. The broad and narrow sense heritability was 97.5% depicting that the character is highly heritable in this irrigation treatment and quite a significant amount of improvement is expected to be brought about while selecting the genotypes/hybrid combinations under high selection pressure from the progeny rows. ÷H 2 ]=1.194 implied that at least one group of genes is governing the inheritance pattern of sympodial branches in this stress irrigation treatment. The broad sense heritability was 98% and narrow sense heritability was 86% suggesting that the character is also highly heritable even under stress conditions and quite significant improvement could be brought about while selecting the desired genotypes from progeny rows even under high selection pressure.
Inheritance of Seedcotton Yield
Seedcotton inherited as partial dominant trait in the normal seven irrigations treatment as [H 1 ÷D] was equal to 0.801 ( ÷H 2 ]=4.03 suggested that at least four groups of genes are operative and govern the inheritance pattern of seedcotton yield/plant in this irrigation treatment. The broad sense heritability was 99.9% and the narrow sense heritability was 107% indicating that seedcotton yield is highly heritable in this irrigation treatment and quite significant yield improvement could be realized while selecting desirable hybrid combinations for yield under high/intensive selection pressure from the single progeny rows following pedigree method. ÷H 2 ]=11.7 implied that yield is polygenically controlled by at least eleven groups of genes conditioning the inheritance pattern of seedcotton yield in this stress irrigation treatment. The broad sense heritability was 99.9% and the narrow sense heritability was 182% meaning that quite significant amount of improvement in yield could be sought under stress irrigation treatment if progenies with desired yield attributes are selected under intensive selection pressure.
Inheritance of Lint Yield
In seven irrigations treatment ( ÷H 2 ] was 4.033 indicating that at least four groups of genes were governing of inheritance pattern of lint yield and controlling dominance at the parents' loci. The broad sense heritability was 99.9% and narrow sense heritability as 107% showing that the character is also highly heritable in this irrigation treatment and subsequently significant amount of improvement could be realized while selecting the desired hybrid combinations under intensive selection pressure from the progeny rows keeping in mind the pedigree of those single progeny rows. ÷H 2 ] was equal to 11.105 indicating that lint yield in stress conditions was polygenically controlled. The broad sense heritability was 99.8% and narrow sense heritability was 220% implying that the character under stress conditions is highly heritable and quite significant amount of improvement could be realized in selecting the desired progenies under high selection pressure.
